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Abstract: The present studies were performed to investigate the healing process of the extraction
wound in irradiated rats and to clarify the effect of irradiation on bone formation and resorption.

282 Wistar rats of about 100 g body weight were used. The region of the left upper molars of
experimental rats was exposed to 1000 rad or 2000 rad of 89Co. On the 7 th day after irradiation, the left
upper first molar of each rat was extracted. The rats were sacrificed at intervals of from 1 day to 28
days after extraction. Control rats were sacrificed at same intervals after extraction. The maxillary
bone including the extraction wound was examined histologically, histometrically, histochemically and
ultrastructurally.

In irradiated rats, the healing process of extraction wound was disturbed. The osteoblastic new
bone formation following production of granulation tissue and periosteal new bone formation was inte-
rfered. Histochemical examination revealed that the osteoblasts of irradiated rats reduced enzymatic
activity compared with control rats. Ultrastructurally, the cytoplasmic organellae were poorly developed
in the osteoblasts of irradiated rats and osteoid formation was reduced.

In irradiated rats, the osteoclasts in the interradicular alveolar bone were more numerous and
increased more rapidly as compared with control rats, whereas, histometrically, there was no significant
difference in the amount of bone loss between control and irradiated rats. Histochefnically, there was
no distinct difference in the enzymatic activity in osteoclasts between control and irradiated rats.
Ultréstructurally, the cytoplasmic organellae and ruffled border were poorly developed in the osteoclasts
of irradiated rats.

The findings suggest that irradiation induced cytological changes in not only oseoblasts but also
osteoclasts and these changes resulted in the delayed healing of extraction wound.
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Fig. 1 Schematic representation of method of
histometry. Frontal section through long
axis of distal roots of upper first molar.
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Extraction wound of control rat (Control),
2.5 days after extraction (P. E. 2.5d.):
Production of granulation tissue is obser-
ved at the bottom in socket. The perios-
teum is proliferating at the buccal and
basal part of alveolar hone (arrow).

HE x25

Fig. 3
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Fig. 4 Control, P. E. 2.5d. : Granulation tissue. Fig;‘46 c
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ontrol, P. E. 5d.: Granulation tissue
occupying the most part of socket. Mar-
ked new bone (NB) formation at the
bottom and periosteal new bone forma-
tion (arrow). HEX30

Partly recognizable new bone formation.
HE x 150

Fig. 5 Control, P. E. 3d.: Periosteal new bone
formation ; osteoblasts showing active os- 4 > ! e

teoid formation. HEX340 Fig. 7 Control, P. E. 5d. : New bone formation

in socket; numerous active osteoblasts
BB gy B BB I X L b 5 0 12y "
EOBEIEE S Stk L, SEOBE M are seen adjacent to new bone trabeculae.
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Fig. 9 Extraction wound of the rat exposed 1000
rad (1000rad), P. E. 2.5d. : Blood clot and
remaining periodontal ligament (arrow)
are widely seen in socket. Dilated marrow
spaces of interradicular alveolar bone.
HE x 25

Fig. 10 1000rad, P. E. 2.5d.: Granulation tissue;
fibroblasts are less numerous than con-
trol. HEX150
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Fig. 11 lOOOrad P. E ad Granulation tissue

occupying socket; new bone formation
(NB) is seen at the bottom in socket,
but the amount of newly formed bone
is less than control. HEX30
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Ilg 12 1000rad, P. E. 10d.: New]y formed bone
trabeculae are less and finer than control.
The epithelium is not completely cove-
HE x 25

ring socket.
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Fig. 13 Extraction wound of the rat exposed
2000rad (2000rad), P. E. 2d.: Marked
inflammatory cells infiltration is seen at
the top of socket. Dilated marrow spaces
of interradicular alveolar bone. HEX25
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Fig. 14 2000rad, P. E. 3d.: Granulation tissue;
fibroblasts are smaller and less numerous
than control. HEX150
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s 2 ~ 3 A B T, IREEIEIC RS
JaotEAEZ A LN S, SR B LA
ANEL TR IR, mEBR LD m ok
(Figs. 13, 14), BEWOEIZEL Th FhiE
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B 1000rad FRHEHIC Rz 0B L < Dan
o7 HEHEIEEESEIE I A N OB E R
fanigiganhic (Fig. 15). fREEIMU BB
WIEERES biehroT,
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Fig. 15 2000rad, P. E. 2d.: Relatively smaller
osteoclasts are seen on bone surface.
HE % 250

Pt 5 BB T, hEERRIFEETIERE A
CR T AN TR, ERERECIR - T
BB b, TREE N O REFRERT O
HESEA e S O BB LK B LB Th o T
(Fig. 16), ZEHE TIEIEM T X 2 B4R
WA, BEMIE NI TR LR, B

: 745-785, 1984.

Fig. 16 2000rad, P. E. 5d.: Granulation tissue
occupying socket; remaining periodontal
ligaments spread in socket. New bone
formation (NB) at the bottom is less
active than control. Periosteal new bone
formation is not yet recognizable.

HE %30

) »

S

2000rad, P. E. 5d. : New bone formation
in socket: osteoblasts are smaller and
less numerous than control. HE X280

BLIEBTh -k (Fig. 17), ZoBEIcB VT
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-7,
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Fig. 18 2000rad, P. E. lOd Newly formed bone
(NB) at the bottom is strikingly less
than control. Periosteal new bone for-
mation is not yet recognizable. HEX25
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Fig. 19 Number of fibroblast seen in granulation
tissue. (50um X 50um)
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T
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Fig. 20 Number of capillary seen in granulation
tissue. (500um X 500m)
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HLEZIAEWIEFEL (p<0.05), =0
Ait 2000rad RIS B O THHPTH » 72,

2)  WEEEROF M L O HEE RO
HE R
itk 1~ 5 H B oBRE EERICA LR
CEIEMEB LU HE RO MBE A WE L £
(Figs. 21, 22),

SHREECB M kE R L BEICE, &L
AERD SNV, EOHE, /T:tﬂdﬂ}’Jul““"?Jﬂ'j' %
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I o e i
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Fig. 21 Number of osteoblast seen in socket.
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Fig. 22 The amount of newly formed bone in
socket.
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30%, 2000rad BIREE THHBEON2%TH Y
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Fig. 23 Number of osteoclast seen in interradi-
cular area of alveolar bone.
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Fig. 24 Absolute amount of bone in histometri-
cal study.
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RO RO FRBEOEMET S B &
REHEIAEETHEERER AL N R ol
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iz, P T OB b MERE RRICERER
3 HEHE CREMZEDTAEME SFL T,
SRR O BEEL MR L2k 3 HHOEE
FEi3, 1000rad BBEHEET67%, 2000rad MBS BT
70% CHBEOLRLENED LD, BL
T EEROE TR s BREE o 0.063mm? 1L T
1000rad FB&EEIE 0.062mm? 2000rad HBETEET
0.070mm? TE L EREH LT, BEERE

THLERALN L 2T,
4) RMEHER, BIFAlE REFMBEoRE S
DRERR

HMESERING, BIRAIAD, REEMRLS K% <
Lo BHEER 2 ~5 A B o BUREEEESLS
ITOmORTEEEEOEM BETE 2 FR L,
Leitz ASM E{&fEiTiEE % Fv, B8 50~80
DRMESEAIR, CBIEMK, REMEOEREL HE
LEoRHEE & T,

HERR I Fig. 25 WWRTEBY ThH D,

AR O K & S IREE T SRR
INEWHEEFRL T, REFMEoRE S E,
SEARHEE L 1000rad FRSHEEOR], 8 L0 1000rad B

Table 1 The presence of

D GBI 7 O Pl QR R I o T
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am?

4001
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0 cont.1000 2000
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OSTEOCLAST

cont.1000 2000
rad rad

OSTEOBLAST

cont.1000 2000
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Fig. 25 The size of fibroblast, osteoblast and
osteoclast.

HEEL 2000rad BEHBE L OBCEELZERABRL
o te i, 2000rad FBETEECIZeREEICHE LA
BEi/hEvfE (p<0.05) &L Tuviz,

IR O K & SR RRERIC i L THRHEO
FHFEIDSE (p<0.05) E/RL Tz, £
7z, 2000rad FR&TEECI: 1000rad BBSEEIZ L T
LEBECNEWEEZRL T,

WEMBOKRE S, BEFEREIFED
KESERBRICEBHBEOFS/ NSV EEZRLTH
B HE THEEIRO SN o7,

3. MR R

R CEA R ORI Table 1 ~ 3R T &
BYTHB,

SEREICR VT, RIEER T REEANO M
BHOITIEME RS SR, AIEREOR ety
B TEEKRBERIENE L, BBV 4+ R 7 7 ¥
—EWEE B T oMM S B b h, REE
SUOBFBREEHEE 2 BE LY FBFEOBVIE

malate dehydrogenase activity

Control 1000rad 2000rad

(Days after extraction) 1-2 2.5-3 5 1-2 2.5-3 5 1-2 2.5-3 5
Fibroblasts of the granulation - -
tissue St + * * S
Osteoblasts in the socket + H + +
(g)osrtlioclasts of the interradicular H H n H i H H H H
Osteoblasts of the periosteum * +H H — + ~+ + - - -
Osteocytes in the alveolar bone -+ + +

(— : Absent, + : Slight, + : Moderate, H : Marked)
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Fig. 26 Control, P. E. 2d.: Malate dehydro- Fig. 27 Control, P. E. 3d.: Acid phosphatase.

genase. Enzymatic activity is seen in Osteoclast with high enzymatic activity
granulation tissue and periosteum (P). is seen on bone surface. X500
X 250

Fig. 28 2000rad, P. E. 2d.: Malate dehydroge- Fig. 29 2000rad, P. E. 3d.: Acid phosphatase.
nase. Little enzymatic activity is seen Osteoclasts with high enzymatic activity
in granulation tissue. No enzymatic are seen on bone surface. X500

activity in periosteum (P). X250

Rl Twie (Fig. 26). Rtk 3 H HICREE )y TRBKERRR I VB 7+ 27 7 4 —¥ ©
EHAERRICEL CABRoB W EEE R 7B BEMEAE LT (Fig. 27),

HRAS SR bz, T BB 13 ke Thicxt UREEE T, SRBEICH LkiEER
25HBEEE Y PIREEE BRIz ZEFED bR, EOwEE O BMILIC ) v TR KRR LB T

Table 2 The presence of acid phosphatase activity

Control 1000rad 2000aad
(Days after extraction) 1-2 2.5-3 5 1-2 2.5-3 5 1-2 2.5-3 5
Fibroblasts of the glanulation
e + + + et e~
Osteoblasts in the socket +~H F~H + +
bOosrtéoclasts of the interradicular H H H H H H H n H
Osteoblasts of the periosteum + + o~ H — 4+ ~+ 4 — - g

I+

Osteocytes in the alveolar bone + £
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Table 3 The presence of alkaline phosphatase activity
Control 1000rad 2000rad
(Days after extraction) 1-2 2.5-3 5 1-2 2.5-3 5 1-2 2.5-3 5
Fibroblasts of the glanulation L + + "
fissue =
Osteoblasts in the socket = + + ~+ +
Osteoblasts of the periosteum + + -+ - + + - — _
+ A7 78— EOETORTIED b, AR BEMRARD b,
RErR OBMMEENS, TRIEEN R LU B O BEEHIC L, PREEEERICI RO Bl

BEREHICLIRT A bR,
o X BENEEE I 2000rad BREEHC BV T
Bcho7- (Fig. 28), %7z, B S
Bk ) RS aEe b, U v T BIUKER
EBLIOB 7+ A7 77— €D BWEEELRLT
iz (Fig. 29),

4. BEEMETR

D sEEOFR

(L) PREEEE o BRI
MR R B ZE

Moz b <,

itk B L, hEEO FEEICSES
K% 2 ~ 3 B EoFEEE B iCEZEo

ko ol op N
Control :
UA & LC %5600

Fig. 30

BEE AR O, BB OEICHE L CmRE
HHE A Y FEA 7T ruffled border #75 L Tuv/z
(Fig. 30), Ruffled border » k& i, B
BHROKESOBRIXO B O RNICE-T
b, EFE-OMETLEMIcL T RS L
R0 i, —HRC, ERAFRKNELTHD L
Bbh 2 K& REME <X, ruffled border &

BLRELTEY, MBEOK WESES/HL, &
OIELH6 ~Tum &JELBHECAVMEALERE

7L T, Ruffled border &L T M/

WESAKIL, BFLBEETIHabADN.

Active osteoclast with well-developed ruffled border and numerous mitochondria.
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I8,
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ALY, HIECH L T O » 2 EeRNE
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BRI YA ORLND L0 Lol HE

BB AREL, "\Eﬁm DL Y 272,
B o M E D Ibarfyr

NEEwn iz (Fig. 80)O T hay Ry T EN

T ~FEPE CREE R oM P IR T L T
= s, ruffled border BEE T AVICEEEE L BILHE
Fi L 7B oM T I ERR S b e o 7, j<
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UIVAEE RGN s Vil 2L N E
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OISR bivie, MR/ R PAE
EERSTI I FPUTICERESNRETE
O LA, WIRBIEEAEALNL T,
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Fas K

1

2l

1 745-785, 1984.

Golgi EB IO MHIC IR % < o & 1L
Golgi B I O WHME & 7R L, ST

W3 %30 Golgl /NG IL7z,

WERE Y RV — A ISR <AL T/
75, B & RO O MBI £ < Ao, g:{;w
TWoa LD LED ALz, Ruffled border 7254
DB L T e VAN o B IS T R Y RS
— LWL B LA,

Ruffied border (I3 %
ZErZEER» oM, ERNEOZER L L O,
WM R SEREY E E 0L D, HHVETRE
BoMB L&, o EFEARY LT
LML 2 EOlAEE00 0oL hn
Niz,

¥ & ruffled border a>mfjo
EogMER R LI, €
FEEPESAIT VLD, PR
BEFRTLOREDRHR SN,

R uffled border 2T 55H

faE R kb o

s

7z,

e icET#&
DB £FkT, &
& PR ok

Fig. 31 Control:

vacuoles.

Well-developed ruffled border and underlying bone matrix. Freed bone crystal-
line like material between projections of the ruffled border and in intracytoplasmic
LC x11600
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B FOR R T o b vk

5 % P E .

Fig. 32 Control: Bone matrix underlying well-developed ruffled border showing phosphotungstic
acid (PTA) positive fibrillar structure. B: Bone tissue. PTAX12500

Fig. 33 Control: Active osteoblast at the bottom in socket. B: Bone tissue. PTAX-800
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BN R L A, AU O RS AL
P+ ruffled border oS|I EEE 4 % M0 HE
OERINIZ L ZEERS e (Fig. 31), Ruffled
border 3§ IZfEVy rufled border HTFOEFHE
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RS R Lo,

Ruffled border [ F ®F DOF)E y o BEER
et CiE, WEREL 728 ﬁ ;Hff@,@/* L BX V-
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THIC }ch,q";fjmsaw\b STz,

Wy v 725 oERYLE T, ruffled border @
e FFE oMERE L 7B, BREhiEs A
Y LD, 7 CERRE TR
L THLNT IRy o S RT VBRI T B
e LT N (Fig. 32), O TFTHOBE
BIBER#Er RS b - T BV L B i EE
oL Tz,

(2) REEER O FH A

R EIES OB EAE TEE KHE
LT 8 LEAFT

GEEk ANl 2
, MBI e &

Fig. 34 Control:

Active osteoblast with well-developed Golgi apparatus (G).

745-785, 1984.

A A e (Fig. 33),

FHIIE. gk BT 2T 0
’ 1’?’!& & &ﬂﬂmc:, E3 n@‘fﬁHz 2
BHHIET ARTES © iR

. *zlfg(ﬂ:j/gdﬂ.‘diﬂ
%< i,
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(Fig. 34), —MRAIcEy oA Golgi JEH &
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fHEE il

& i pe N i e Pt Al AR

Fig. 35 Control: Abundant osteoid (Os) including rich PTA-positive collagen fibrils is seen
around osteoblast. PTA  X6000

Fig. 36 Control : Osteoid-osteocyte ; mottled calcification (C) is seen in osteoid. B : Bone tissue PTAX5100 -
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Fig. 37 Control : Periosteal osteoblast with well-developed Golgi apparatus and RER. Abundant

osteoid is seen around the osteoblast.

BOREL T,
b Ky T M A LEEPT I T R
YN <w%ayuxaéﬁu M@wmw@mw
%> Golgi BEEICITEL TFEH S L/,
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W T ey R o BB EE S B o, BEAUK
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Fig. 38 1000rad :

material in vacuoles (arrow). UA & LC

Osteoclast with fewer mitochondria than control. Aggregated crystalline

like

X 10000
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Fig. 30 1000rad : Osteoblast at the bottom in socket. Fewer RER (ER) and Golgi apparatus (G)
UA & LCx11000

than control.
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Fig. 40 1000rad: Periosteal osteoblast with dilated RER. Mitochondria with sparse cristae (arrow).
UA & LCx4800
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Fig. 41 1000rad : Periosteal osteoblast showing poor osteoid formation (Os). PTA  Xx4900

Fig. 42 2000rad : Relatively small osteoclast with poorly developed ruffied border (RB). UA &
LC %5000



Rk Gy 5 o o Bl ol (il i

pel 4 - -
Fig. 43 2000rad : Ruffled border (RB) composed of thick and short projections. Bone matrix under
the rufled border showing less loose structure. UA & LC X11000

. ;’fi? o L = i E
Fig. 44 2000rad : Osteoclast with fewer mitochondria than control. Nucleus of osteoclast showing
dispersed chromatin. UA & LC X 12000

1 % v
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2000rad : Ostecblast at the bottom in socket. RER (arrow) showing irregular dilation.
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Fig. 46 2000rad :
Condensed mitochondria (arrow).

Osteoblast ; Golgi apparatus (G) adjacent to nucleus. Golgi saccules are dilated.
UA & LC  x13000
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2000rad : Reduced osteoid formation. The density of collagen fibrils is lower than control.
Os: Osteoid, B: Bone tissue. PTA X8100

Fig. 47

Fig. 48 2000 rad: Periosteal osteoblast; RER showing irregular dil
is markedly reduced. UA & LC X7900

o A

ation. Osteoid (Os) formation
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